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The fluctuations and the many-body effects of multi lipid-bilayer membrane system 
 
             

























































The lipid-bilayer membrane has strong thermal fluctuations due to the high fluidity of its constituents.  The 
strong fluctuations generally smear the detailed structures of thermodynamic systems out and vanish a variety of 
thermodynamic properties except a few universal properties. We investigated the universal properties that the 
fluctuation can not smear out in the multi lipid-bilayer membrane system.   We paid attention to the 
membrane-membrane interaction and the properties of the solution in which the membranes are immersed as the 
characters giving rise to the diversity of the lipid-bilayer membrane system. 
 First, the isolated single lipid-bilayer membrane model was introduced.  The single membrane is easily 
deformed along the direction perpendicular to the membrane plane due to its fluidity and the magnitude of the 
deformation is much larger than the membrane thickness.  The mechanical properties in the scale much larger 
than membrane thickness make an important contribution to the thermal fluctuations.  In the scale, the 
Hamiltonian of the single membrane model is only expressed by the curvature energy characterized by the rigidity.  
The model whose Hamiltonian is expressed by the curvature energy is called the isolated membrane model. 
  Multi lipid-bilayer membrane system is regarded to consist of the stacked single lipid-membranes.  As the 
membrane-membrane interactions, the non-crossing nature and the three types of the potential interaction, 
hydration force, van der Waals interaction and electrostatic repulsion, should be taken into account.  The model 
consisting of the staked isolated membranes with the non-crossing nature and the three types of the potential-type 
interaction is called the standard model.  The three types of the potential-type interaction were explained and 
previous studies on the standard model were introduced.   
The multi lipid-bilayer model in which only the non-crossing nature is taken into account as the interactions is 
called the minimal model.  The analysis of the minimal model show that the non-crossing nature gives rise to the 
membrane-density cubed contribution to the free energy per unit volume. The cubic term contribution can not be 
derived by means of the classical one-body approximation.  To derive the cubic term correctly, we need to take 
the large fluctuation of membranes and the non-crossing nature suppressing the fluctuation into account.  We 
should also take the many-body effects into account to evaluate the effect of the non-crossing nature of the 
strongly fluctuating system. 
  Up to now, the contributions of the potential interactions between the membranes have been analyzed by the 
“absolute zero approximation” in which the membranes are assumed to be ordered at regular interval.  In this 
approximation, the free energy of the membrane system strongly depends on the potential parameters. But this 
approximation has serious defects, “no consideration of fluctuation” and “no consideration of many-body effects”.  
We devise the new approximation method based on the inter-membrane distance distribution (IMDD) function of 
the minimal model.  Using the new method, the fluctuations and the many-body effects can be properly taken 
into account.  We calculated the IMDD function by means of the Monte Carlo simulation since it is difficult to 
derive the IMDD function analytically. The derived IMDD function is the Wigner 
Gaussian-unitary-ensemble distribution function.  The IMMD function only depends on the 
membrane density, not on other thermal variables and the rigidity of the membrane; the IMMD 
function is a universal function.  By means of the approximation method based on the IMDD 
function, it is found that the increment term of the free energy per unit volume due to the potential 
interactions is expressed by the fourth power of the membrane density and the increment term 
does not depend on details of the potentials.  The phase separation behaviors of the multi 
lipid-bilayer system are analyzed by means of the newly derived free energy. 
 The multi lipid-bilayer membrane system immersed in the two component solution (called the 
medium solution) is considered.  We pay attention to the effect of the concentration fluctuation in 
the medium solution to the membrane fluctuations.  We adopt a lattice solution model as the 
model of the medium solution. Two types of interactions between the membrane and the medium 
solution, the adhesion effect and the cluster breaking effect, were found.  The energy required for 
the molecules in the solution to adhere to the membrane depends on the species of the molecules.  
The adhesion effect is caused by the adhesion energy difference.  The thermal fluctuations give 
rise to cluster structures. The clusters are broken by the membranes and breaking the clusters 
requires additional energy. This effect is called the cluster breaking effect.  The simple analysis 
based on a continuum model shows that the adhesion effect increases fluctuation of membranes, on 
the other hand, the cluster breaking effect suppresses fluctuation of them.  This result was 
confirmed by the Monte Carlo simulation. The results of simulation show that the adhesion effect 
increases the membrane area and the fluctuation of membranes and the cluster breaking effect 
decreases the membrane area and the fluctuation of membranes. Two effects can be expressed by 
introducing the effective surface tension universally. 
